The introduction of fluorine has been widely exploited to tune the biological functions of small molecules. Indeed, around 20% of leading drugs contain at least one fluorine atom. Yet, despite profound effects of fluorination on conformation, there is only a limited toolkit of reactions that enable stereoselective synthesis of fluorinated compounds. Aldolases are useful catalysts for the stereoselective synthesis of bioactive small molecules; however, despite fluoropyruvate being a viable nucleophile for some aldolases, the potential of aldolases to control the formation of fluorine-bearing stereocentres has largely been untapped. Very recently, it has been shown that aldolase-catalysed stereoselective carboncarbon bond formation with fluoropyruvate as nucleophile enable the synthesis of many -fluoro -hydroxy carboxyl derivatives. Furthermore, an understanding of the structural basis for the stereocontrol observed in these reactions is beginning to emerge.
Introduction
The aldol reaction has facilitated the construction of many complex organic molecules (including many polyketide natural products), and is a cornerstone of modern synthetic organic chemistry. [1] [2] [3] [4] Up to two new stereogenic centres are installed during the formation of the new carboncarbon bond, and, in many variants of the aldol reaction, control of stereochemical configuration is possible.
Aldolases have been shown to be synthetically-valuable catalysts for the conversion of their substrates into aldol products in high yield and with high stereocontrol under mild conditions. [5, 6] For example, an efficient and scalable aldolasecatalysed process has been developed for the enantioselective synthesis of precursors of the side chain found in the statin drugs. [7] Furthermore, protein engineering has been shown to be valuable for increasing further the synthetic value of aldolase enzymes, for example by broadening the range of substrates accepted or by modifying the stereochemistry of carboncarbon bond formation. [8] [9] [10] [11] [12] [13] [14] Recently, aldolases have emerged as a useful class of catalysts for controlling the formation of fluorine-bearing stereocentres. [15 16 Approaches for the synthesis of fluorinated small molecules are important because fluorination can tune exquisitely small molecule conformation and biological activity. [17] Specifically, it has been shown that the controlled installation of fluorine-bearing stereocentres is possible through stereoselective formation of an adjacent carboncarbon bond. In sharp contrast, reactions between metal enolates of fluoroacetate derivatives general exhibit poor stereoselectivity. [18, 19] Although aldolases had previously been shown to accept substrates with remote fluorine atoms, [20, 21] 
Fluoropyruvate as a nucleophile in aldolase-catalysed reactions
The range of nucleophiles accepted by most aldolase enzymes tends to be rather limited. [6, 21, 23] Although fluoroacetone has been shown to be a competent nucleophilic substrate for deoxyribose-5-phosphate aldolase (DERA), carboncarbon bond formation does not occur from the fluorine-bearing carbon, and thus a new fluorine-bearing stereocentre is not formed. [25] However, despite some reports to the contrary, [20, 24] fluoropyruvate has been shown to be a viable substrate for several Class I lysine-dependent pyruvate aldolases (Table 1 ). In such reactions, there are four possible stereoisomeric products, and the stereocontrol exerted by the aldolase in each case is indicated in Table 1 . The kinetic ratio stated is taken from reference 15 c A wide range of other heteroaromatic aldehydes was also accepted.
In pioneering work, it was shown that fluoropyruvate was consumed in (wild-type and variant) 2-keto-3-deoxy-6-phosphogluconate (KDPG) aldolase-catalysed reactions with 2-pyridine carboxaldehyde [26] 
Origin of stereocontrol in NAL-catalysed reactions involving fluoropyruvate
Some insights into the structural basis of stereocontrol in NAL-catalysed reactions involving fluoropyruvate have been gleaned using protein crystallography ( Figure   1 ).[15 Notably, for all combinations of substrate and NAL variant studied, 3R-configured products were selectively obtained under kinetic control (Table 1) 
